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Abstract

Background: Eosinophilic granulomatosis with polyangiitis (EGPA) is a rare systemic small-vessel
vasculitis associated with asthma, eosinophilia, and necrotizing vasculitis. EGPA is potentially life-
threatening and often involves peripheral neuropathies, peptic ulcers, cerebral vessel disease, and
cardiovascular disease. However, there is limited understanding of the prognostics factors for
patients with EGPA. We investigated the clinical features and factors affecting patients’ in-hospital

mortality, using a national inpatient database in Japan.

Methods: We retrospectively collected data for EGPA patients who required hospitalization between
July 2010 and March 2013, using the Diagnosis Procedure Combination database. We evaluated
EGPA patients’ characteristics and performed multivariate logistic regression analyses to assess the

factors associated with in-hospital mortality.

Results: A total of 2195 EGPA patients were identified. The mean age was 61.9 years, 42.1%
(924/2195) were male, and 41.6% (914/2195) had emergent admission. In-hospital deaths occurred
in 97/2195 patients (4.4%). Higher in-hospital mortality was associated with age older than 65 years,
disturbance of consciousness on admission, unscheduled admission, respiratory disease, cardio-
cerebrovascular disease, renal disease, sepsis, and malignant disease on admission. Lower mortality

was associated with female gender and peripheral neuropathies.

Conclusions: Our study revealed the clinical features of EGPA patients who required hospitalization
and the factors associated with their mortality. These results may be useful for physicians when

assessing disease severity or treatments for hospitalized EGPA patients.

Keywords eosinophilic granulomatosis with polyangiitis; peripheral neuropathy; predictive factors

for in-hospital mortality
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Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA, previously called Churg-Strauss syndrome) is a
rare systemic small-vessel vasculitis that occasionally develops in patients with asthma. EGPA is
characterized by eosinophilia, eosinophilic infiltration of various tissues, and necrotizing vasculitis (1-
3). EGPA can affect virtually any organ system and causes pulmonary infiltration, allergic rhinitis,
peripheral neuropathy, and can involve the central nervous system, gastrointestinal system, heart,

skin, and kidneys (2, 4, 5).

Several previous studies on EGPA patients identified the factors associated with long-term
mortality (6-8), including proteinuria, renal insufficiency, central nervous system involvement,
cardiomyopathy, severe gastrointestinal involvement, age older than 65 years, and lack of ear nose
and throat (ENT) symptoms, known as the five-factor score (FFS) and the new FFS (7, 8). Patients
with EGPA who require hospitalization are considered to have a higher risk of death; however, there
is limited understanding of the factors associated with in-hospital mortality in these patients. To our
knowledge, there are no large-scale studies describing the clinical characteristics and mortality in

hospitalized EGPA patients.

We aimed to investigate the clinical features and in-hospital mortality of EGPA patients who
required hospitalization and to verify patients’ conditions and comorbidities at admission that affect

in-hospital mortality.

Methods

Diagnosis Procedure Combination (DPC) database
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We examined data abstracted from the Japanese DPC database, which is a nationwide inpatient
database in Japan. The database includes administrative claims data and discharge abstract data.
Types of hospital, main diagnoses, comorbidities on admission, and complications occurring during
hospitalization that were diagnosed and recorded by attending physicians, are indicated using the
International Classification of Disease and Related Health Problems, 10th Revision (ICD-10) codes
accompanied by text data in Japanese. The database also contains the following patient details:
admission status; age; sex; body height and weight; levels of consciousness based on the Japan Coma
Scale (9, 10) on admission and discharge; discharge status including in-hospital death; and

medication use during hospitalization.

This study was approved by the Institutional Review Board of The University of Tokyo,
which waived the requirement for patient informed consent because of the anonymous nature of

the data.

Patient selection and data

We retrospectively collected data for patients with a diagnosis of EGPA (ICD-10 code, M301) as the
main diagnosis or comorbidity, who were discharged between 1 July 2010 and 31 March 2013.
Although the diagnosis of EGPA is generally made by specialists based on the American College of
Rheumatology criteria (11), the accuracy of the recorded diagnoses in the database was not

validated in all patients.

The following comorbidities on admission were identified using ICD-10 codes and text data
in Japanese: pneumonia (bacterial pneumonia: J13-15, J170; atypical pneumonia: A481, J157, J160;
aspiration pneumonia: J69; pneumocystis pneumonia: B59; eosinophilic pneumonia: J82; interstitial
pneumonia: J841, J848-9); alveolar hemorrhage: R048; cardiovascular disease (heart failure: 150;

myocardial infarction: 121-23; angina pectoris: 120; pericarditis: B332, 130-32; myocarditis: B332,
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140-41, 1514; valvular disease: 136—39; arrhythmia: 144-49; cardiomyopathy: 142-43);
cerebrovascular disease (cerebral infarction, 163, 1693; cerebral hemorrhage: 160-62, 1690-692;
transient ischemic attack: G45); peripheral neuropathy: G629, G64; digestive disease (liver disease:
K70-77; gastrointestinal bleeding: K226, K250, K252, K254, K256, K260, K262, K264, K266, K270,
K272, K274, K276, K280, K282, K286, K920, K922; gastrointestinal perforation: K223, K251, K252,
K255, K256, K261, K262, K265, K266, K271, K272, K275, K276, K281, K282, K285, K286, K570, K572,
K574, K578, K631; ileus: K56; acute pancreatitis: K85); renal disease (glomerular disease: NO0-08;
renal tubule-interstitial disease: N10—16; acute kidney failure and chronic kidney disease: N17-19);
sepsis: A021, 207, 227, 267, 327, A40, A41, 427, B377); malignant disease (including types of
malignancy): C00-97; and ear nose throat (ENT) disease: (H60-95, J00-06, J30-39). Pneumonia,
interstitial pneumonia, and alveolar hemorrhage were combined under the heading, “pulmonary
disease”, and cardiovascular diseases and cerebrovascular disease were combined under the

heading, “cardio-cerebrovascular diseases”.

To evaluate the effect of in-hospital mortality on disease severity, we assessed EGPA
patients using a scoring system based on the FFS, using data from patients’ conditions on admission,
as follows; age > 65 years: +1 point, presence of cardiac disease: +1 point, gastrointestinal
involvement: +1 point, renal disease: +1 point, and absence of ear, nose, and throat (ENT) symptom:s:
+1 point. We then divided these patients into three groups scoring the severity of disease as ‘mild’

(score 0), ‘moderate’ (score 1), and ‘severe’ (score > 2).

We also collected data on immunomodulatory medications, such as intravenous
immunoglobulin therapy, immunosuppressive drugs (azathioprine, cyclosporine, mizoribine,
tacrolimus hydrate, methotrexate, and cyclophosphamide), and steroid pulse therapy
(methylprednisolone > 500 mg/day administered more than once per day), which were begun within

two days after admission to evaluate the effects of early intervention with immunomodulatory
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treatments on in-hospital mortality. We also recorded the use of these immunomodulatory drugs

during hospitalization.

Statistical analysis

Chi-square tests were used to compare proportions among the groups; Kruskal-Wallis tests were
used to compare the median values among the groups; and multivariable logistic regression for in-
hospital mortality was performed to analyze factors associated with in-hospital mortality. When
performing the multivariable logistic regression, two patients with missing admission status data
were excluded. The threshold for significance was a P-value < 0.05. All statistical analyses were

performed using SPSS version 22.0 (IBM SPSS Inc., Armonk, NY, USA).

Results

Patient characteristics and admission status

Among 19 million patients recorded during 33 months between July 2010 and March 2013, we
identified 2195 patients with a diagnosis of EGPA. The mean age was 61.9 years (standard deviation
[SD], 15.6), and 51.0% (1120/2195) were under 64 years of age. Overall, 924 patients (42.1%) were
male and the mean body mass index was 21.4 (SD, 4.0). There were 96 patients (4.4%) whose
consciousness level was not alert and approximately 40% (914/2195) of patients had unscheduled
admission. The median length of stay was 23 days (interquartile range, 9-49 days) and the
proportion of patients in academic hospitals was 41.3% (906/2195). Regarding the comorbidities on
admission, the prevalence of pulmonary disease was 12.8%; cardio-cerebrovascular disease, 17.1%;
peripheral neuropathy, 19.6%; digestive disease, 5.1%; renal disease, 7.2%; sepsis, 1.4%; and

malignant disease, 5.8%. The types of malignancies were 21 (16.5%) carcinomas of the colon and
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rectum, 18 (14.2%) lung cancers, 10 (7.9%) leukemias, 10 (7.9%) prostatic cancers, nine (7.1%) gastric
cancers, nine (7.1%) malignant lymphomas, eight (6.3%) hepatocellular carcinomas, six (4.7%) breast
cancers, five (4.0%) gallbladder and bile duct cancers, four (3.1%) bladder cancers, and 27 (21.3%)

other cancers.

All-cause in-hospital mortality

Among 2195 patients, there were 97 in-hospital deaths (4.4%). In-hospital mortality rates for the
severity scores, ‘mild’, ‘moderate’, and ‘severe’ were 0%, 1.2%, and 7.0%, respectively (P < 0.001).
The median length of stay in patients who died during hospitalization was 37 days (interquartile
range, 15-60 days), which was significantly longer than that of surviving patients (median, 22 days;
interquartile range, 9-48 days; P = 0.008). Table 1 shows the relationship between in-hospital
mortality and patient’s characteristics, admission status, medication within two days after admission,
and comorbidities on admission. In-hospital mortality was related to age older than 65 years (P <
0.001), male gender (P = 0.001), disturbance of consciousness on admission (P < 0.001), unscheduled
admission (P < 0.001), steroid pulse therapy during hospitalization (P < 0.001), and the following
comorbidities on admission: pulmonary disease (P < 0.001); cardio-cerebrovascular disease (P <
0.001); peripheral neuropathy (P < 0.001); renal disease (P = 0.001); sepsis (P < 0.001); and malignant
disease (P = 0.001). BMI; type of hospital; immunoglobulin, immunosuppressive drugs, and steroid
pulse therapy begun within two days after admission; immunoglobulin, and immunosuppressive
drugs during hospitalization; and digestive disease were not significant factors associated with in-

hospital death.

Compared with patients without peripheral neuropathy, those with peripheral neuropathy
were prescribed significantly more immunoglobulin (7.1% vs. 16.0%, P < 0.001), and steroid pulse

therapy (8.8% vs. 16.5%, P < 0.001) within two days after admission.
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Multivariable logistic regression for all-cause in-hospital mortality

Because no EGPA patients with ENT diseases (n = 130) died during hospitalization in this study period,
we excluded the ENT diseases from the independent variables in the logistic regression for in-
hospital mortality. Table 2 shows the results of the multivariable logistic regression analysis for all-
cause in-hospital mortality. Higher mortality in the EGPA patients was associated with age > 65 years
(odds ratio, 2.39 [95% confidence interval, 1.41-4.05]); disturbance of consciousness on admission
(3.94 [2.20-7.07]); unscheduled admission (2.27 [1.39-3.70]); respiratory disease (2.60 [1.60-4.21]);
cardio-cerebrovascular disease (1.67 [1.03-2.70]); renal disease (2.24 [1.21-4.17]); sepsis (3.33
[1.30-8.56]); and malignant disease (2.59 [1.33-5.02]) on admission. Lower mortality was associated
with female gender (0.61 [0.39-0.95]) and the presence of peripheral neuropathy (0.32 [0.12-0.90])

on admission.

Discussion

Our analysis revealed the clinical characteristics, admission status, and all-cause in-hospital mortality

in patients with EGPA who required hospitalization, using a national inpatient database in Japan.

Several recent reports have shown relatively favorable five-year survival rate (90-97%) of
EGPA patients (12, 13). However, to our knowledge, there has been no study reporting the short-
term mortality of hospitalized EGPA patients. The mean age on admission in this study was 61.9
years (SD, 15.6), which was higher than for patients 40-50 years of age at onset reported in previous
studies (4, 7, 12-19). The male to female ratio in our study was approximately 1:1.4; therefore, the
female predominance was similar to a previous study in Japan (15), although the majority of previous
studies from Western countries showed no difference in the proportion of male vs. female patients
with EGPA (4, 5, 14, 17, 20). The male to female ratio in the general population in Japan is 1:1.05, and

similar to that of 1:1.04 in the UK and 1:1.03 in the US population (21); therefore, the female
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predominance in EGPA patients in Japan contributes to the genetic influence on the pathogenesis of

EGPA.

In the present study, we reported the types of malignancy seen in EGPA patients, but it was
difficult to determine if the malignant diseases had a relationship to EGPA or prior EGPA therapy

because data on time of diagnosis or prior therapy were not included in the DPC database.

In previous studies of patients with antineutrophil cytoplasmic antibody-associated
vasculitides (AAV), proteinuria, renal insufficiency, central nervous system involvement,
cardiomyopathy, severe gastrointestinal involvement (bleeding, perforation, infarction, and/or
pancreatitis), and age older than 65 years were significantly associated with higher 5-year mortality
(6, 12-14, 22). In our study, the higher in-hospital mortality was associated with age older than 65
years, cardio-cerebrovascular disease and renal disease. Male gender, disturbance of consciousness,
requirement for emergency admission, respiratory disease, sepsis, and malignant disease on

admission were also associated with higher mortality.

The presence of ENT symptoms has been reported to be associated with lower relative risk
of long-term mortality (8). In our study, there was no death in 130 EGPA patients with ENT diseases.
These findings suggest that the presence of ENT diseases is associated with lower mortality in EGPA

patients.

Gastrointestinal (Gl) manifestations were seen in approximately 10-20% of EGPA patients
in previous reports (12, 13, 23). Symptoms were mainly abdominal pain, nausea, vomiting, or
diarrhea (12, 13, 23), and severe Gl involvement was rare (13). One study stated that severe Gl
involvement was seen in 20-50% of the patients with Gl involvement (23) and another study found
that only 1.8% of all patients with AAV had severe Gl manifestation, defined as a risk factor in FFS

(13). Contrary to previous studies of patients with AAV, the presence of severe digestive disease on

This article is protected by copyright. All rights reserved.



admission was not significantly associated with higher mortality in this study, possibly because

severe Gl involvement was rare.

Peripheral neuropathy is a major complication in EGPA, present in approximately 70% of
patients with EGPA (24), and its impact on function and quality of life is a serious problem. However,
one study reported that causes of death in patients with peripheral neuropathy were diffuse alveolar
hemorrhage, infection, acute renal failure, and gastrointestinal perforation, and that no patients died
directly of neuropathy (25). A previous study also reported that the presence of peripheral
neuropathy was not associated with mortality (26). We found that the presence of peripheral
neuropathy was significantly associated with lower mortality. Early intensive medical treatment,
including intravenous immunoglobulin (IVIG), and steroid pulse therapy may be related to favourable

outcomes in EGPA patients with peripheral neuropathy.

Corticosteroid treatment for EGPA is generally recommended, consisting of tapered high dose
steroids (27-29). However, in cases of severe disease or corticosteroid resistance, cyclophosphamide
should be considered as an additional therapy (3, 27-30). Steroid pulse therapy, IVIG, and
immunosuppressive agents should be administered to EGPA patients with severe complications or
fulminant disease (27, 30, 31). Therefore, we evaluated the relationship between in-hospital
mortality and IVIG, immunosuppressive drugs, and steroid pulse therapy begun within two days after
admission, which were used to achieve remission. Our study did not demonstrate that early
introduction of treatment for EGPA was associated with lower mortality. Once remission inductive
therapy is begun, based on patients’ disease severity, more than 90% of patients achieve first
remission, although relapse occurs in 25—-40% of patients, regardless of their initial disease severity
(6, 13, 32). In a previous study, approximately 90% of relapsed patients achieved new remission, and
relapse did not impact overall survival (6). In our study, early intervention was not associated with

prognosis, possibly because the results of remission induction treatment are generally favorable (6).
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There was also a significant relationship between steroid pulse therapy during hospitalization and in-
hospital mortality, possibly because patients requiring steroid pulse therapy suffered more severe

physical symptoms.

Our study has certain limitations, one of which was the accuracy of the EGPA diagnosis.
Because this study was a retrospective investigation based on information from an administrative
database, in which all data were de-identified, we were unable to confirm whether each patient
satisfied the diagnostic criteria (11). However, because patients who are suspected of having EGPA
are usually referred to rheumatologists or respiratory physicians in Japan, it is expected that the

diagnosis of EGPA is generally performed and validated by the specialists.

In conclusion, all-cause in-hospital mortality was associated with age older than 65 years,
male gender, disturbance of consciousness on admission, unscheduled admission, and the presence
of respiratory disease, cardio-cerebrovascular disease, renal disease, sepsis, and malignant disease
on admission. Conversely, lower mortality was associated with the presence of peripheral
neuropathy on admission, which may be related to intensive EGPA treatment. Also, the presence of
ENT disease was associated with lower mortality in EGPA patients. To our knowledge, this is the first
study examining in-hospital mortality using the factors recorded on admission, and our findings
should help physicians when considering disease severity or medical treatment for patients with

EGPA.
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Age (years)
<64
>65

Sex
Male
Female

BMI (kg/m?)
<18.5
18.5-22.9
23.0-24.9
>25.0
Missing data

Consciousness level
Alert
Not alert

Admission
Scheduled
Unscheduled
Missing data

Type of hospital

1120 (51.0)

1075 (49.0)

924 (42.1)

1271 (57.9)

448(20.4)

961(43.8)

285(13.0)

318 (14.5)

183 (8.3)

2099 (95.6)

96 (4.4)

1279 (58.3)

914 (41.6)

2(0.1)
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20 (1.8)

77 (7.2)

56 (6.1)

41 (3.2)

21(4.7)

36 (3.7)

13 (4.6)

12 (3.8)

15 (8.2)

74 (3.5)

23 (24.0)

27 (2.1)

69 (7.5)

1 (50.0)

<0.001

0.001

0.107

<0.001

<0.001

0.057



Academic 906 (41.3) 31(3.4)

Non-academic 1289 (58.7) 66 (5.1)
Immunoglobulin therapy begun within 0.094
two days after admission

No 2001 (91.2) 93 (4.6)

Yes 194 (8.8) 4(2.1)
Immunosuppressive drugs begun 0.981
within two days after admission

No 2083 (94.9) 92 (4.4)

Yes 112 (5.1) 5(4.5)

Steroid pulse therapy begun within 0.729
two days after admission

No 1969 (89.7) 86 (4.4)

Yes 226 (10.3) 11 (4.9)
Immunoglobulin therapy during 0910
hospitalization

No 1640(74.7) 72(4.4)

Yes 555(25.3) 25(4.5)
Immunosuppressive drugs during 0.114
hospitalization

No 1786(81.4) 73(4.1)

Yes 409(18.6) 24(5.9)

Steroid pulse therapy during <0.001

hospitalization
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No

Yes

Pulmonary disease

No

Yes

Pneumonia

Interstitial pneumonia

Alveolar hemorrhage

Cardio-cerebrovascular disease

No

Yes

Cardiovascular disease

Cerebrovascular disease

Peripheral neuropathy

No

Yes

Digestive disease

No

Yes

Renal disease

1682(76.6)

513(23.4)

1914 (87.2)

281 (12.8)

211 (9.6)

66 (3.0)

17 (0.8)

1820 (82.9)

375(17.1)

285 (13.0)

110 (5.0)

1765 (80.4)

430 (19.6)

2083 (94.9)

112 (5.1)
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58(3.4)

39(7.6)

64 (3.3)

33(11.7)

19 (9.0)

14 (21.2)

4 (23.5)

65 (3.6)

32 (8.5)

27 (9.5)

9(8.2)

93 (5.3)

4(0.9)

91 (4.4)

6(5.4)

<0.001

<0.001

<0.001

0.620

0.001



No 2036 (92.8) 82 (4.0)

Yes 159 (7.2) 15(9.4)

Sepsis <0.001
No 2165 (98.6) 89 (4.1)
Yes 30(1.4) 8(26.7)

Malignant disease 0.001
No 2068 (94.2) 84 (4.1)
Yes 127 (5.8) 13 (10.2)

Abbreviations: EGPA = eosinophilic granulomatosis with polyangiitis; BMI = body mass index.
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Table 2. Multivariable logistic regression for all-cause in-hospital mortality in EGPA patients

95%
Odds ratio  confidence P-value
interval
Age (years) <64 Reference
>65 2.39 1.41-4.05 0.001
Sex Male Reference
Female 0.61 0.39-0.95 0.028
Consciousness level Alert Reference
Not alert 3.94 2.20-7.07 <0.001
Admission Scheduled Reference
Unscheduled 2.27 1.39-3.70 0.001
Pulmonary disease No Referenc; -----
Yes 2.60 1.60-4.21 <0.001
Cardio-cerebrovascular disease No Reference
Yes 1.67 1.03-2.70 0.036
Peripheral neuropathy No Reference
Yes 0.32 0.12-0.90 0.031
Renal disease No Reference
Yes 2.24 1.21-4.17 0.011
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Sepsis No Reference

Yes 3.33 1.30-8.56 0.012
Malignant disease No Reference
Yes 2.59 1.33-5.02 0.005

Abbreviations: EGPA = eosinophilic granulomatosis with polyangiitis.
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